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,. EXPEBIMENTAL INTEKSEXUAIilTY — ^- 

THB PAEADOXICAL EFFECTS OP XSTBOGZKS OS THB SEITJAL 
DEVBU3PMEST OP THE FZilAUG SAT * 

R. a. GREEKE, il. W. BUERILL AND A, C, IVT 

,, ifedM»i ficfibol, CAim^o ' :?■ 

*• nioHT natnts 

^ The femizmiiDg effects of estrogens oa tlie sexual differentia- 
tion of genetic male rats has been reported (Greene, Burrill 
and Ivy, '38 a. '39 a) . Estradiol aad estradiol dipropionate 
were given to pregnant rats. The male offspring were femi- 
nized in that development of the epididymis, ras deferens and 
seminal lesicle was inhibited and prostates were absent; a 
vagina, parts of the uteri and nipples were present. 

In the earlier report it was stated that the females of these 
litters showed some gross changes from the normal. These 
changes were: precocious development of nipples, gross en- 
largement of the nteri and inhibition of the ovarian capsule. 
Since this report, twenty-one of these females have been 
serially sectionfc|i and studied in detail. JGSjig ; findings are 
paradoxical in that the development of certain female struc- 
tures is inhibited and certain structures characteristic of the i 
male are present. 

PBOCEDUBB 

«* The 'estradiol and estradiol dipropionate • were given sub* 
cntaneously in oil solution to the pregnant ratsi The total 
dosages used and the periods of pregnancy during which 

' Supparted ia part bjr % 2»nt from the JosUli iia,ej Jr. Pouuditiou. 
'The aijpka. estradiol and estradiol diproptouatt were eenerouslv iuppliad hy 
Dr. Ernjt Oppenh«imer o( Ciha. Pta»mia«eutieal Product!.' f 



^!fi 



-ri 



H- : 



Case 1 :05-cv-02346-RBW Document 40-19 Filed 01/25/2007 Page 4 of 12 




^ 



^■l:if^ 



79.C ■ 
291 -B ^ 7.5 I 
2S6-B :. 10.0 I 



in-20 j CranUlrenm. 

' Ej. dnet num. 

13-20 ■ Xot prM. 

13-1 7 \ Corop. md pat. 



CiuiUJ reuui. 

Bj. (luct rcmn. 

Almost eonip. 

Part. pat. Bifur«tted 

Comp. and pat. Biittreatri 



Estradial dipropioaate 



X92-A J -t) 
202 ■ 3.25 
223 A 5,0 



=30A 

246-A 

S82-B' 
254 

25:-B 

27«-.^' 
MM? 



:.0 
10.0 



ID.O 
13.0 



271 


S2.0 


2fi5-A 


£5.0 


2M-i. 


23.0 


t73-A 


35.0, 



CTT-A I 50.0 j 

3:a-A ,' 60,0 

2S0-A : SO.O 

2S*-A 100.0 . 



13-17 
13-17 

12-16 

13-13 

13-17 
IS-IT 

13-10 

13-17 

11-19 

li-21 
lJ-19 
13-10 

13-17 

13-17 

13-1; 

13-17 

13 



Alntst toop, 
P«rt pfct. 
Cranial rema. 
Ej, duct xemti. 
ijj. iltiet rnHii. 

(fused with 

TOgina) 
Cranial ream. 
Ej. duet remn. 
CfMuiftl rentii. 
Ej. duel reniii, 
£j. duet. rciiiH. 
Almost com p. 
Pfttent 

Ciuiial reina. 
Ej. daot rema. 
Ej. duet rtmu. 

Ci&utal rcnui. 



Xot \nn, 
IntCRoittent 
Comp. tTtd pit. 

Cnnial rtma. 
£}. duet ramit. 
Aliiiust cviiiip. 
Part patent. 
Craitial retnn, 
£j. duet Ttmn, 
Crantnt remn. 
Ej. duct reinn. 
IntermlttCDt 
Part piitent 



IiitertMinent 

Cranial ream. 

£ j. duct jrcnin. 

£j. duct rema. 
(fused ivith 
j ragij^) 
' Cmuxl renin. 
I £j. duet r^oiu, 
I Critilal i-nai). 
! Sj. duct reom. 

£j, duct remn. 

Cruunl remn, 

£j. duct rcnn. 

Crkiiial renui. 

Ej. duet rcmn. 

Almost eooip. 

P&rt patent. 

CrKuiai rseui. 

Xiowcr h&lf pres. 
and patent 

>"0l pres. 

latenaitteiit 

latemuttenC 
(part pat.) 

Almost comp. 

Purt patent 

Iiitpnitirttrnr 

i- 

AiniDjt iliHip, 
' Part patent 
I Cranbt riMitn. 

Ej. duft renut. 
; Ititeriiiittent 
! Part patent 



BU^rcat^ 
Xut bifurcated 
Not liif urea ted 



Xot bifurcated 
' Not biiuicateil 



Not bifurcated ! 
I Bifurcated 




Biftireated 
I Not bifurcated 
!' - V^^ 

Not bifurcated 
Bifurcated 

j Bifurcated 

I Bifurentetf ■ *-*!* 
nif.trditc;l 

Xot hif iirca tc'l 

Bifiircntcd 



Abi^':JS&S 



'# 



treatment 
estradiol < 
dirided do 
of treatm* 
carrying t' 
After d 
clay of pr 
colony), a 
were kille 
Since the 
external!}' 
soreral nr 
maining- y 



Stimula 
found in a 
the foiirti 
but in the 
present a- 
throad-lik 
bage of th- 
fuse to fo 
uteri are 
times gre; 
and roe as 
duo to acl 
There is j 
which is J 
Inhibiti 
modiiied : 
is ulmast 
modified 
scquently 
capsule i 
by giving 
Burr ill a 



aiirenaleciooijxed on lUirtceutli dnv of iwcjuancy. 
r e^icrnted on Lhitteeuth dar of prefrnauey. 



Case 1 :05-cv-02346-RBW Document 40-19 Filed 01/25/2007 Page 5 of 12 




-if ui' CO ted 
ifurcated 



Ptm.-B 



iturciiteU 
"otbiiuTcuted 



Abs. 



ocbifiucated Abt. 



otbit'urcateiJ ' Abo. 

'»t biiuTMited I I 

BtbUureftted ; Ahi. 
•Lf urea ted 

i •— ^' 

i/iirc»ced 

.Ifupwted I AbT^^Sl^ 

!i)tbifurcatodJ - ,Ab«.-v 




•oMiiditeated Aba. '^^^ 
LJurcatcd 

t""' ... 
LTuKiited . Pte»'-?^ 

LfurcAted ""f'Eii 
;r»iif-.iic(l Ab». 

ot Ijifurcattd Ab*. 

Lrurc.'itiHl Abs. _^_ j 

Ab». 



treatment was admimstercd are tabulated (table 1). The 
estradiol di propionate was administered in both single and 
divided doses, the estradiol in divided doses only. The effects 
of treatment on the mother and the percentage of animals 
carrying to term will be reported later. 

After delivery by cesarian section on the twenty-second 
day of pregnancy (the usual time of parturition in our rht 
colony), at least one male and one female from each litter/ 
were killed and .examined under a dissecting, microscope. ' 
Since the males and females of the higher dosage litters arer 
externally identical it was sometimes necessary to sacrifice ■ 
several animals in order to obtain one of each sex.,- T\\b re- 
maining young were given to foster mothers. 

OBSERVATIONS 

Stimulation of certain normal female structures has been 
found in all of these females. Normally nipples appear about 
the fonrth day postpartum in the female rats of our colony, 
but in the modified females large, well-developed nipples are 
present at birth. In the normal newborn the uteri are thin, 
thread-like structures extending from the ovaries at the caudal 
base of the kidney to behind the base of the bladder where they 
fuse to form the vagina (fig. 1). In the modified females the 
uteri are grossly thickened, the diameter being two to three 
times greater than normal (fig. 2). Microscopic examination 
and measurements definitely prove that this enlargement is 
due to actual growth as well as to distention by secreted fluid. 
There is also some enlargement of that portion of the vagina 
which is present (figs. 3 and 4). 

Inhibition of normal female structores also occurs in these 
modified females. Noi-mally the ovary of the newborn female 
is almost completely covered by the ovarian capsule. .In the 
modified animals the ovarian capsule is lacking and con- 
sequently the gonads are bare. This absence of the ovarian 
capsule is also found in the masculinized females produced 
by giving large doses of androgens to the pregnant rat (Greene, 
Barrill ^nd h% '38 b, *39», Development of the lower 
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vagba is also inliibHed in the modified females. Normally 
longitudinal fission of the urogeniUl siniis into urethra imd 
lower vagina is almost complete at birth only ttie candal 
part of the vagina remains attached to the urethra by a 
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-bridge of epithelial cells. • In the . experimental ^^uma^ 
fission process has been inhibited so that the loT^er ^a^P^a is 
only partially separated from the urethra. . In some cases 
the extreme caudal part of the lower vagina is not formed ai 
ail This inhibition of vaginal development is similar to, 
but less extensive than that found in the masculimzed female, 
obtained by giving androgens to the pregnant rat (Greene. 
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Bur rill and Ivv, '3S b, '39 b). Another abnormality in vaginal 
development bas been noted in some of the modified females. 
At tlie level where the upper vagina is continuous with the 
lower, tlie upper vagina is bif urciited. This condition probably 
represents an inhibitiou or ai'rest ot normal development. 
Normally the upper yagiiia is formed by -the fusion of the- 
muUeriati ducts,- The extreme caudal portions of the ducts, 
ivhere they join the urogenital sinus, remain separate as 
late as the twenty-first day. Between the twenty-first and 
twenty. sec Olid dnys they fuse so tbat at birth tlie transition 
point between the upper and lower vagina is not apparent. 
This final fusion has failed to occitr at the proper time in the 
modified females so that the caudal end of the upper vagina; 
is bifurcated (fi.sr. 2). , Whether or not this bifurcation dis- 
appears afterbirth is not yet I•no^^^. 

Besides these effects, bolli stimulatoiT' and inhibitory, on 
various female structures, some stimnUition of male struc- 
tures i.s evident in the modified females. Normally, in the 
female, the wolffian duct starts to regre«s on the seveuteenth 
day of development and continues on subsetinent days until, 
on the twenty -first day, only two remnants remain. One 
remnant, usually very small, is situated cranialty and is con- 
tinuous with the efferent tubules ; the other is located uandally 
and represents the homologiie of the male ejaculatoiy duct. 
This caudal remnant ordinarily becomes involved in the for- 
mation of a small portion of the vagina and is nfft present as ; 
a discrete structure at liivth. In the modified newborn females,, 
wolffian ducts have been found in various states of preserva-^ 
tion. .In some, only the caudal remnants are preserved as 



Fig. 5 Xormal ncirborn feaial«. Section of utrrtii. X '5. 

Fijf. t' 56G-.\. Ntwlioi-n fciiinlr. Section at uterus und accompnnring wolSnn 
duct. X 'S. 
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tliiiteciiUi ti> j^vititrt'iitli ilii,*-( of iTe«R:iin;y. x "5. 
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Eiliovt, solid epithelial cords irhicli fuse "witU tlie vaginal 
epithelium. Tliis condition represents the lowest degree of 
retentioJi noted, ;^[ore aud more complete preservation of 
the wolffian ducts ia found, culminating in complete retentioa 
of both wolffinn ducts as well-developed patent structures ex- 
tending from the efferent tubules, ^ith which they are con- 
linuous, to the vagina with which they also communicate 
(fig. 2). True semiuttl vesicles have not been found in. these 
animals, but in five animnls a partial constriction of the vas 
has been noted at the level where the aemiual vesicles aoiTnally 
bud off from the wolffian duct (fig. 2). 

Within the dosage range which we have used to date (O.S 
to 100 mg.) there has. been no. evidence of a correlation be- 
tween the amount of estrogen administered to the pregjiant rat . 
and tJie degree of effect on the female oif springs This lack of 
correlation is somewhat surprising in view of the fact that 
the degree of raascu Ionization of female offspring obtained 
by the admiiiist ration of androgens to the pregnant rat varies 
directly with the dosage (Bnrrill, Greene and Ivy, '39). 
Hoiyevcrlt is possible that when the maximum dosage of" 
estrogens is increased beyond the present limifof 100 mg., ' 
such a correlation wlU become evident. 

DiscrasroN 

It may be argued that these changes in the feAales rep re- : 
sent only .arrested development and not true mascnlinization-^Ji 
The presence of the wolffian duet may be interpreted in this 
way since this duct is present in one period of normal female *^ 
development. In these females its subsequent involution, has 
been inhibited. Also, the fact that the wolffian duct is not *^ 
highly differentiated in these females lends credence to this 
interpretation, i.e., the duct has been retained, but has not^jj 
been stimnhited to develop in a typically maseuliiie manner. 
However, the tendency toward seminal vesicle, formation 
found in five out of twenty- one of these females cannot be . 
attributed to developmental arrest inasmuch ns no seminal 
vesicular anlage occur in normal femide development (;Greenc, 
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Burrill and Ivy, '39 b). The females obtained from mothers 
which were treated with high dosages of estrogens during 
pregnancy may be considered as having been 'masculinized' 
in that the development of certain female structures has been 
inhibited and certain structures characteristic ot the male 
have been, caused to persist or to develop. 

The behavioi- of the urogenital sinus in both the male and 
the female ofif spring of estrogen treated mothers is also in- 
explicable. In the female, normal development is partly sup- 
pressed so that an incomplete, poorly formed lower vagina is 
produced. As has been mentioned ia a previous publication 
(Greene, Burrill and Ivy, *39b), a similar arrest of urogenital 
sinus development may be caused by injecting estrogens 
directly into the normal newborn female rat. No evidence 
of mascuiiae development of the urogenital sinus, i.e., the 
formation of prostates, has been found in these females. 
In the male offspring of estrogen treated mothers, masculine 
development of the urogenital sinns is inhibited, i.e., prostates 
are lacking, but there is a certain degree of development in 
the female direction inasmuch as a partial lower vagina is 
formed. The end reanlt of the alterations in the development 
of the urogenital sinus ia practically identical in the male 
and female offspring. 

It should be emphasized that, in the experimental procedure 
employed, estrogens were administered to the pregnant rat. 
There is no proof, therefore, that the changes in the offspring 
are produced by a direct action of the estrogens on the de- 
veloping fetuses. Whether the action is direct or indirect 
the results obtained are indeed paradoxical. The wolflSan' 
ducts have been caused to persist in the female and have 
undergone actual degeneration and partial disappearance in 
the male. Feminine development of the urogenital sinus has 
been inhibited in the female and sdmnlated in the male. 



Large doses (0.8 to 100 mg.) of estrogens (e.stradiol and 
estradiol dipropionate) have been administered to pregnant 
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rats. Twenty-one newborn females have been serially sec- 
tioned and studied. In these animals there was a stimulation 
of certain female structures (uteri and nipples) and inhibition 
of other female structures (lower vagina and ovarian capsule). 
In twenty animals there has been partial or complete preserva- 
tion of the wolifian ducts. In one animal the wolffian duct 
was complete on one side and in another'*both ducts -were 
complete. 
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